Exogenous plasmid isolation was used to assess the presence of mobilizing plasmids in several soils and activated sludges. Triparental matings were performed with Escherichia coli (a member of the y subgroup of the Proteobacteria) as the donor of an IncQ plasmid (pMOL155, containing the heavy metal resistance genes CZC: Cor, Znr, and Cdr), Alkaligenes eutrophus (a member of the P subgroup of the Proteobacteria) as the recipient, and indigenous microorganisms from soil and sludge samples as helper strains. We developed an assay to assess the plasmid mobilization potential of a soil ecosystem on the basis of the number of transconjugants obtained after exogenous isolations. After inoculation into soil of several concentrations of a helper strain (E. coli CM120 harboring IncP [IncPl] mobilizing plasmid RP4), the log numbers of transconjugants obtained from exogenous isolations with different soil samples were a linear function of the log numbers of helper strain CM120(RP4) present in the soils. Four soils were analyzed for the presence of mobilizing elements, and mobilizing plasmids were isolated from two of these soils. Several sludge samples from different wastewater treatment plants yielded much higher numbers of transconjugants than the soil samples, indicating that higher numbers of mobilizing strains were present. The mobilizing plasmids isolated from Gent-O sludge and one plasmid isolated from Eislingen soil hybridized to the repP probe, whereas the plasmids isolated from Essen soil did not hybridize to a large number of rep probes (repFIC, repHIl, repHI2, repL/M, repN, repP, repT, repU, repW, repX). This indicates that in Essen soil, broad-host-range mobilizing plasmids belonging to other incompatibility groups may be present.
Horizontal gene dissemination in the environment mediated by broad-host-range conjugative plasmids has been discussed by several authors. Transfer of IncP plasmids and IncPmediated mobilization of IncQ plasmids between introduced strains or from an introduced donor into indigenous populations have been demonstrated in environmental habitats such as water, soil, and sludge (for an overview see references 10, 12, 39, and 48) . However, little information on the occurrence of these plasmids in natural ecosystems is available, and it is still not known whether the well-studied broad-host-range plasmids (particularly IncP) are really representative of the conjugative capacity of a bacterial community. Therefore, important points to address are the presence of natural broad-host-range conjugative plasmids in natural environments and the role of these plasmids in the transfer and mobilization potential of bacterial communities. One method used to assess the presence of natural broad-host-range plasmids consists of isolation of strains followed by analysis of their plasmids. This method of endogenous plasmid isolation is, however, restricted by plasmid markers, and the relevance of the plasmids to gene exchange in the ecosystems from which they are isolated is not known (11) . The exogenous plasmid isolation method involves mixing a suitable plasmid-free recipient strain with a natural bacterial community, incubating the resulting mixture so that mating can occur, and selecting for the recipient cells that gain a new marker (3, 4, 11) . This technique allows workers to isolate conjugative plasmids without having to culture the original host. However, the method is restricted to the plasmid markers used in the experiment and thus can never give an idea of the presence of transferable plasmids in general. The triparental exogenous isolation method, which is based on mobilization of an IncQ plasmid, may be a tool which can be used to overcome these shortcomings. IncQ plasmids have a very broad mobilization and replication range; they can be mobilized into members of at least four branches of the Proteobacteria (the x, 1, y, and 8 subgroups) (6, 35, 50) , into gram-positive strains (13) , into cyanobacteria (21) , and into plants (5) . The triparental exogenous isolation method involves mixing a donor of a TraMob' vector, a recipient strain, and a bacterial suspension from a habitat and thus isolates plasmids solely on the basis of their ability to mobilize the Mob' vector. This method was successfully used by Hill et al. (18) to isolate plasmids from river epilithon, which mobilized an IncQ vector between two Pseudomonas putida strains.
Our triparental system includes two distantly related members of the Proteobacteria (Alcaligenes eutrophus [1 subgroup] and Escherichia coli [y subgroup]) and thus implies the intervention of mobilizing plasmids having broad transfer or replication ranges. This method was used with soil and sludge suspensions, and we developed a system to quantitatively estimate the "plasmid mobilization potential" of a microbial community on the basis of the number of transconjugants of a triparental mating.
MATERIALS AND METHODS
Bacterial strains, plasmids, and probes. All of the strains and plasmids used in this study are listed in Table 1 . Nonconjugative IncQ vector pMOL155, which was used in all exogenous isolation experiments, contains the czcCBAD genes. 45. These genes originate from pMOL30, one of the two megaplasmids of A. eutrophus CH34 (29) , and confer resistance to Co, Zn, and Cd in A. eutrophus but not in E. coli. The DNA probes used for replicon typing were repFIC, repHIl, repHI2, repL/M, repN, repP, repQ, repT, repU, repW, and repX and were isolated from the vectors which were described by Couturier et al. (7) . These probes carry one or more incompatibility determinants associated with replication or partition functions and have been shown to hybridize only with plasmids belonging to their corresponding incompatibility groups (7) . Their sizes range from 304 to 2,250 bp. Vector pPL392 (16) , which harbors the xylXYZCEGFJKIH/S genes (meta-cleavage pathway of TOL plasmid pWWO), was used as a probe to screen for catabolic genotypes related to this operon. The czcRCBAD genes, a 9.1-kb DNA fragment isolated from vector pMOL149 (9), were used to confirm the presence of pMOL155, which contains czcCBAD, in the transconjugants.
Media. Liquid cultures were grown overnight in LuriaBertani (LB) broth (31) . LB agar was used for filter and plate matings. Donor strain E. coli CM330(pMOL155) was selected on LB medium containing chloramphenicol (20 ,ug/ml) and was incubated at 43°C. LB medium amended with tetracycline (20 ,ug/ml) was used for helper strain CM120(RP4). Recipient strain A. eutrophus AE815 was plated on LB agar supplemented with 100 ,ug of rifampin per ml. The numbers of AE815(pMOL155) transconjugants were determined on a Tris mineral medium (29) supplemented with azelate (0.2%), rifampin (100 ,ug/ml), and Zn2+ (2 mM). Cycloheximide (300 jig/ml) was used to inhibit fungal growth. Nutrient agar (Difco) was used to determine total heterotrophic counts.
Soils and activated sludge samples. Four different soils were used in this study. Tiegem soil is an agricultural sandy loam soil (46) . In order to simulate a heavily manure-amended soil, in which antibiotic-resistant, plasmid-containing bacteria are normally found in high amounts (19) , the soil was amended with pig manure at a final concentration of 40 g/kg (ca. 150 tons/ha). The Essen, Eislingen, and CFM Berlin soils came from sites that are highly polluted with polynuclear aromatic hydrocarbons and polychlorinated biphenyls (at least 50 ppm) (41a preparations and plated on the selection medium used for transconjugants.
When soil was used as a source of mobilizing plasmids, 5 g of soil was shaken for 1 h in 45 ml of saline on the day of the mating. The soil particles were allowed to settle for ca. 0.5 h. A 0.5-ml portion of the supernatant was used in each filter mating experiment.
When activated sludge was used as a source of mobilizing plasmids, samples were preincubated overnight on a shaker at 28°C in the presence of 0.1% glucose (49); 0.5 ml of the mixed sludge was used in each filter mating experiment.
Physical evidence that mobilizing plasmids were present was obtained by plasmid extraction by using a modification of the method of Kado and Liu (20, 46) , followed by agarose gel electrophoresis. Additional evidence was obtained by mobilizing pMOL155 from transconjugant AE815(pMOL155) harboring the mobilizing plasmid to E. coli CM330 or ED8739 or to A. eutrophus AE1 12 (Nalr) in plate mating experiments, which were performed as described previously (22) . E. coli transconjugants containing pMOL155 were selected on LB medium containing 20 ,ug of chloramphenicol per ml at 43°C. AE112 transconjugants were selected on Tris-azelate medium supplemented with nalidixic acid (50 ,ug/ml) and Zn2+ (2 mM).
Standardization and quantification of the triparental exogenous isolation technique applied to soil. In order to establish and quantify the triparental exogenous isolation procedure for soils, Tiegem sandy loam soil was inoculated with several concentrations of helper strain E. coli CM120(RP4). The aim was to determine whether there is a correlation between the number of cells that carry a mobilizing plasmid in soil and the number of AE815 transconjugants bearing pMOL155. Cultures of CM120(RP4) grown overnight were centrifuged and resuspended in fivefold-concentrated LB medium. Then 1 ml of the undiluted suspension or an appropriate dilution was mixed with 100 g of soil, which was brought to 75% of field capacity by adding distilled water. Duplicate soil samples (100 g) were inoculated with CM120(RP4) at final concentrations of 1 Incompatibility testing by using a mating protocol. AE815 transconjugants harboring pMOL155 and an additional plasmid were used as recipients in plate mating experiments in which E. coli CM120(RP4) was the donor strain. After 24 h new transconjugants which had acquired RP4 were selected on LB medium containing rifampin (100 ,ug/ml) and tetracycline (20 ,ug/ml). In each mating experiment four transconjugants were purified on the same medium and then grown and transferred twice in LB broth, each time for 24 h. After three passages in LB broth, plasmid preparations (20, 46) (Fig. 1) . The standard errors for parameters a and b ranged from 0.05 to 0.08. As Yis the log of the number of CM120(RP4) helper cells, the equations given above can be used to estimate the number of possible helper strains present in any soil sample on the basis of the log of the number of transconjugants (X) obtained after an exogenous isolation experiment. Therefore, Y can be defined as the plasmid mobilization potential of a soil microbial community.
Exogenous isolation of mobilizing plasmids from polluted soils. Triparental matings were performed with the supernatants from four different soils, A. eutrophus AE815, and E. coli CM330(pMOL155) to isolate mobilizing plasmids from the soils and to estimate plasmid mobilization potentials by using the equation Y = 1.75 + 1.36X. A biparental mating experiment in which AE815 and CM330(pMOL155) were used was included as a negative control. Table 3 shows that Essen and Eislingen soils have comparable plasmid mobilization potentials, which are higher than the plasmid mobilization potentials of manure-amended Tiegem soil and CFM Berlin soil. The higher value for Essen soil previously inoculated with E. coli CM120(RP4) was clearly due to the presence of the inoculated E. coli helper strain.
A few transconjugants were chosen at random and were examined for resistance to the other plasmid markers, including Cor (0.6 mM) and Cdr (0.8 mM), as well as for autotrophic growth. All of the transconjugants did have these characteristics. Plasmid extraction followed by gel electrophoresis revealed the presence of pMOL155 in all 12 of the transconjugants and an additional plasmid (ca. 30 kb) in 6 of 12 transconjugants (Fig. 2) . The plasmids in Eislingen and Essen soil isolates were designated pELl and pES1 to pES3, respectively (Fig. 2) . The only isolate obtained from manureamended Tiegem soil did not harbor an additional plasmid. The presence of pMOL155 was further confirmed by Southern blotting and hybridization with the czcRCBAD probe (data not shown). This was performed as described above for the incompatibility determination, and the washes were performed under high-stringency conditions. To determine whether the additional plasmids (pEL1 and pES1 to pES3) were responsible for the mobilization of pMOL155, plate mating experiments were performed by using the 12 AE815(pMOL155) transconjugants as donors and E. coli CM330 and ED8739 as recipients. Mobilization of pMOL155 was detected by selection on LB medium containing chloramphenicol (20 jig/ml) at 43°C. Only the transconjugants that harbored an additional plasmid, as visualized on an agarose gel, could mobilize pMOL155 to the 3 . Colony hybridization of several transconjugants with the repP probe. Spots IA through 2E, transconjugants from soils and sludge; spots 1A through 1D, Essen soil (see Fig. 2, lanes 12 through 15) ; spot 1E, Gent-O sludge (pGO2); spots 2A through 2C, Eislingen soil (see Fig. 2 , lanes 9 through 11); spot 2D, manure-amended Tiegem soil (see Fig. 2, lane 4) ; spot 2E, AE815(pMOL155); spots 3C through 5E, E. coli harboring probe-containing vectors; spot 3C, repL/M; spot 3D, repN; spot 3E, repP; spot 4A, repT; spot 4B, repW; spot 4C, repQ; spot 4D, repU; spot 4E, repX; spot SA, repB; spot SB, repFIC; spot SC, repHI2; spot SD, repHI1; spot SE, repl. normally used (7) was developed. Instead of introducing the unknown plasmid in a recipient with a plasmid belonging to a known incompatibility group and selecting for the incoming plasmid, RP4 (IncP) was introduced into A. eutrophus AE815(pMOL155) harboring the unknown plasmids (Table 5) , and selection was made for RP4. After mating of some A. eutrophus AE815(pMOL155) transconjugants bearing the isolated plasmids with CM120(RP4) and further treatment (see Materials and Methods), plasmid RP4 was never observed together with pEL1, pGO2, or pGO4 on agarose gels; when AE815(pMOL155)(pEL1) was used as a recipient in a mating experiment with CM120(RP4), RP4 was present in all four transconjugants tested, but plasmid pELl was not found in any of them. When AE815(pMOL155)(pGO2) and AE815 (pMOL155)(pGO4) were used as recipients, either RP4 or pGO2 (or pGO4) was retained, but the two plasmids were never both present in the same transconjugant. This is an additional indication that these plasmids are incompatible with IncP plasmid RP4. As a control, transconjugants AE815 (pMOL155)(pES2) and AE815(pMOL155)(pES3) were also used as recipients in the same mating protocol, and in the eight colonies purified both RP4 and pES2 or pES3 were present, indicating that plasmids not belonging to the IncP group can be maintained together with RP4. DISCUSSION Conjugative, mobilizing, broad-host-range plasmids are thought to play an important role in gene exchange in nature. Not only can these plasmids transfer and maintain themselves in a broad range of bacteria, but they are also capable of mobilizing nonconjugative Tra-Mob' plasmids and sometimes even Tra-Mob-plasmids and chromosomal genes to an even wider host spectrum (14) . In addition, some of these plasmids are able to retromobilize plasmid and chromosomal genes on agar plates (28, 30, 47) and in soil microcosms (45) . Therefore, we investigated the occurrence of such mobilizing plasmids in a few habitats.
In the first part of this study we developed a method to estimate the levels of indigenous bacteria in a soil system that harbor mobilizing plasmids. (50) . These aspects will be investigated further. As the matings were performed on filters, they may not be truly representative of the actual plasmid transfer occurring in natural soil, yet they allow estimates of the presence of mobilizing plasmids in a soil community. The mobilization potentials of the Essen and Eislingen soils were higher than the mobilization potentials of the CFM Berlin soil and the manure-amended Tiegem soil (Table 3) . If more samples are used and more analyses are done, our system could be used to compare the mobilization potentials of several soils and to look for a possible correlation between the degree and kind of pollution and the occurrence of mobilizing plasmids. Such a correlation has indeed been demonstrated for the incidence of catabolic plasmids in a few cases (15, 33, 38) .
Mobilization of nonconjugative plasmids between introduced strains has been shown to occur in soils (17, 36, 40, 45 (2) observed that the incompatibility groups of many plasmids collected from the phytosphere differ from the incompatibility groups of plasmids derived from clinical sources (i.e., the base of all rep probes developed by Couturier et al. [7] 60, 1994 capture plasmids from E. coli by retromobilization. This ability should be investigated further. It could be comparable to the case of plasmid pRK2013 harboring IncP tra genes, which can capture plasmids from organisms that are not members of the Enterobacteriaceae but is able to replicate only in members of the Enterobacteriaceae (35) . The fact that these plasmids would belong to the IncP group is interesting, as all IncP plasmids described until now have been shown to replicate in E. coli (44) .
In this study we developed a method which allows rough assessment of the numbers of strains harboring mobilizing plasmids in a variety of environmental habitats and yields a quantitative estimate of the plasmid mobilization potential of a microbial community. The elegance of the triparental exogenous isolation method is based on the fact that plasmids are selected on the basis of conjugative properties as a phenotype. We demonstrated that the soils and activated sludges used in this study contained plasmids which were able to mobilize an IncQ vector from a member of the -y subgroup of the Proteobacteria to a member of the a subgroup.
